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Introduction
Chronic obstructive pulmonary disease (COPD) is one of the most important chronic diseases in terms of frequency, impact on quality of life and mortality. 1 Since 2001, COPD is internationally classified according to the WHO Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines on COPD, in which it is defined as airflow limitation that is not fully reversible. 1 Diagnosing COPD in an early stage is relevant because early and appropriate management, especially smoking cessation interventions but also vaccination against influenza and medication, reduces the number and severity of exacerbations of COPD and improves quality of life of patients. [2] [3] [4] [5] International guidelines recommend that COPD should be suspected in patients with recurrent and persistent lower respiratory tract symptoms, such as persistent cough. 1 Despite the high prevalence of these symptoms, especially in primary care, recognizing COPD remains difficult. 6 The current diagnostic pathway in patients suspected of COPD consists of history taking, physical examination and, ultimately, spirometry. Spirometry is a time-consuming test that must be executed by trained personnel. Screening every smoker for COPD with spirometry, however, irrespective of signs and symptoms, has been shown to be neither efficient nor feasible. 7, 8 There is still little knowledge about which items from history taking and physical examination have independent diagnostic value for COPD and to what extent. It is well known that there are no pathognomonic signs for COPD. Spirometry alone, however, is also not sufficient; without the knowledge of symptoms and signs, the results of spirometry are often not straightforward. 1 Since history and physical examination are always performed in patients with complaints concerning the respiratory tract in medical practice, it is important to know which items are useful. Two earlier overviews on this topic were published >8 years ago, thus, before the GOLD guidelines were introduced.
9,10 Therefore, we performed an updated systematic review to quantitatively summarize the diagnostic accuracy of symptoms and signs for COPD in patients suspected of having COPD.
The results of this review may help clinicians decide which patients should undergo spirometry. Moreover, the results are useful for researchers in future diagnostic studies on COPD to determine which items of history and physical examination should be included. 
Materials and methods

Searching
Selection
Inclusion criteria of relevant papers were 1. study population consisted at least partially of patients suspected of COPD (thus studies on screening of asymptomatic patients or on patients with known COPD were excluded); 2. original reports: we excluded letters, editorials, case-reports, commentaries and reviews; 3. the index tests on which the diagnostic accuracy was assessed were items from history taking and/or physical examination;
4. spirometry was used as the reference test; 5. cut-off points of spirometry parameters, i.e. the Forced Expiratory Volume in one second (FEV1), the forced vital capacity (FVC) or ratio between FEV1 and FVC, were clearly defined.
Validity assessment
The methodological quality of the selected original diagnostic accuracy studies was graded independently by two observers (RO and BDLB), using the Quality Assessment of Diagnostic Accuracy Studies (QUA-DAS) tool, an evidence-based tool for the quality assessment of studies on diagnostic accuracy. 11 In case of doubt, a third reviewer (KGMM) was consulted. The items of the QUADAS tool enabled us to find potential sources of bias in the studies or problems regarding generalizability of the study results (Appendix 1).
Data extraction
The two observers extracted the following elements from the included studies: study objectives; recruitment setting, such as general practice or hospital; population characteristics such as age, gender and smoking behaviour; duration of symptoms or signs; details of the index tests, i.e. description of the physical examination and history items under study; whether the study was cross-sectional or longitudinal; details of the reference test, such as cut-off points used for the spirometry parameters and whether spirometry was executed after administration of bronchodilatators (i.e. reversibility testing to acquire post-bronchodilator values); blinding of the observer of the reference test for the index tests results; whether the observer of the index tests was blinded for the reference test results (if applicable); time interval between the index tests and the reference test; number of patients enrolled; number of patients who underwent the index test and reference test and missing data.
Additionally, the estimated parameters of diagnostic accuracy of the index test-either from univariable or multivariable analysis-were extracted.
Discrepancies were resolved by discussion between the two reviewers or, if agreement could not be reached, by consultation of a third and fourth reviewer (APES and KGMM).
Quantitative data synthesis Positive and negative predictive value, sensitivity, specificity and likelihood ratios of each of the index tests in relation to the outcome (i.e. diagnosis of COPD by spirometry) were retrieved or otherwise calculated if possible. 12 If only multivariable diagnostic parameters were described in an article and not the univariable data or vice versa, the authors were contacted to obtain the missing information. A meta-analysis could not be performed because each index test was only studied in a maximum of three of the six included studies.
Results
Search results
Our search yielded 4396 potentially eligible articles. After applying the inclusion and exclusion criteria to the abstracts, the number of papers was reduced to 45. Of these, the full texts were retrieved and independently judged by three readers (BDLB, RO and APES). Reference lists of these 45 articles were scanned to find additional studies. Applying our inclusion and exclusion criteria resulted in six relevant articles to address our objective ( Figure 1 ).
Study characteristics
In all six studies, the majority of QUADAS criteria were accounted for but none of the studies fulfilled all 14 criteria (Table 1) . One criterium, the reporting of uninterpretable or intermediate results, was not fulfilled in five of the six studies.
The study population size varied across the six studies from 161 to 703 patients and the age of patients varied from 18 to 85 years old ( Table 2 ). The study population of Straus et al. 16 in 2002 formed part of the study population of Straus et al. in 2000.
14 Both studies were nevertheless included because the index tests (forced expiratory time in 2002 and laryngeal measurements in 2000) and cut-off points for the reference tests were different in both studies. Age of the study participants, recruitment setting and the definition of 'suspected of COPD' differed considerably between the six studies.
In total, 10 patient history items and 9 physical examination items were evaluated in the six studies (Table 3) . Most often studied items were age, gender and the physical examination item wheezing.
The definition of the outcome used in the studies varied, including obstructive airways disease 15, 16, 18 ; obstructive lung disease 13 , COPD or asthma 17 and COPD 14 . In only one of the six studies, spirometry results after administration of bronchodilators were included (Table 3) . 17 Quantitative data synthesis In five of the six studies, results of multivariable analysis were provided, reflecting the independent diagnostic value of the index tests (Table 4) . 13, 14, [16] [17] [18] Three studies reported multivariable likelihood ratios and two reported b-coefficients. In four studies, both univariable and multivariable results were specified. Despite contacting the authors of the included articles for more information, it was not possible to report one single diagnostic accuracy measurement in all six studies.
Of the 10 studied patient history tests, eight were found to have independent diagnostic value for COPD: age >45 years, female sex, dyspnoea, wheezing, current smoking, >40 pack years of smoking, previous consultation for wheezing or cough, self-reported history of COPD and symptoms provoked by allergens. Dyspnoea, wheezing and smoking were found to have independent diagnostic value in two studies, the other five tests in only one study. The strongest tests were symptoms provoked by allergens (odds ratio = 4.5), wheezing (odds ratio = 4.4), >40 pack years of smoking (positive likelihood ratio = 11.6) and self-reported history of COPD (positive likelihood ratio = 4.4).
Of the nine studied physical examination items, five were found to have independent diagnostic value for COPD: wheezing, forced expiratory time 9 seconds 14 4396 citations 45 articles retrieved for detailed examination 43 from Pubmed; 2 from Embase 4351 rejected after examination of titles and abstract -subject included disease other than obstructive airways disease (1713) -not a diagnostic study comparing index tests with a reference test, but for example about the correlation between two index tests or the interindividual variability of interpretation of index tests(1682) -letters, editorials, case-reports, commentaries, reviews or guidelines (561) -index tests did not include items of history or physical examination, but radiography, neclear imaging techniques or lung function testing (171) -reference test was not spirometry but adiography, nuclear imaging or histology (183) -population did not include patients suspected of COPD, but for example volunteers in a COPD screening program(41) 6 articles 39 articles rejected after reading full-text -index tests did not include items of history or physical examination, but rather radiograhy, neclear imaging, lung function testing, peak flow variability or pulse oximetry (13) -not an original diagnostic accuracy study comparing index test with a reference test, but for example about the correlation between two index tests (9) -population did not (at least partially) exist of patients suspected of COPD or with symptoms suggestive of COPD, but rather volunteers in a COPD screening program (12 -reviews (4) -reference test was not spirometry, but radiography techniques (1) FIGURE 1 Flowchart of the selection of the relevant papers Family Practice-an international journal Of the total study population of this paper, only patients suspected of COPD were included in this review (i.e. 233 of 309), as this was the aim of our review. Family Practice-an international journal and 6 seconds 18 , maximum laryngeal height and prolonged expiration. The strongest diagnostic tests were prolonged expiration (odds ratio = 3.7), forced expiratory time >9 seconds (positive likelihood ratio = 4.6) and maximum laryngeal height (the distance between the top of the thyroid cartilage and the suprasternal notch) 16 of <4 cm (positive likelihood ratio = 3.6).
The study with only univariable results showed that reduced breath sounds, Hoover sign (paradoxical inspiratory indrawing of the lateral rib margin) and clinical impression on presence versus absence of obstructive airways disease had a significantly increased positive likelihood ratio and decreased negative likelihood ratio. 15 
Discussion
In this review, we summarized all available evidence on the diagnostic accuracy of history and physical examination in patients suspected of COPD. We found only six studies that matched our inclusion and exclusion criteria. In these studies, history items that were found to have independent diagnostic value for ruling in or out COPD were >45 years, female sex, dyspnoea, wheezing, current smoking and extensive smoking (>40 pack years), previous consult for wheezing or cough, self-reported history of COPD and allergeninduced symptoms. Physical examination items that were found to have independent diagnostic value were wheezing, forced expiratory time, laryngeal height and h, patient history; pe, physical examination; FET, forced expiratory time; n.s., not specified in article; b-coeff, b-or regression coefficient; LR+, likelihood ratio of a positive index test; LR-, likelihood ratio of a negative index test; Sens., sensitivity; Spec., specificity; PPV, positive predictive value; NPV, negative predictive value; OR, odds ratio, LR, likelihood ratio. a Accuracy parameters for the items were obtained by pulmonologists and by residents in this study. In this review, we included the accuracy parameters obtained by pulmonologists.
b ORs were calculated from the b-coefficients that were stated in the articles.
prolonged expiration. Most items that were found to have diagnostic value were identified as such in not more than one study. The number of studies that matched our inclusion criteria was surprisingly low. In contrast, many more adequate diagnostic studies have been published on the diagnostic value of history and physical examination items for other important chronic diseases, such as coronary artery disease or peripheral artery disease. 20, 21 A possible explanation for the relative lack of diagnostic studies on COPD might be the changing definition of COPD that has occurred over time.
One of the reasons for this review was the development of the GOLD criteria in 2001 to define the presence or absence of COPD, based on spirometry with reversibility testing as reference test. According to these guidelines, COPD is present, when after bronchodilatation the FEV1:FVC ratio is <70%. 1 Hence, our review included only those diagnostic studies with spirometry as reference test. The cut-off values for the spirometry results to define COPD in the six studies varied. None used the GOLD criteria; instead the guidelines of the European Respiratory Society or the American Thoracic Society, both universally accepted prior to the GOLD guidelines, were used. 19, 22 Moreover, in five of the six studies, the spirometric diagnosis was made without bronchodilatation, which made optimal differentiation between asthma or other reversible airflow obstruction and COPD difficult. Spirometry without bronchodilatation was adequate for the end point of four of the six included studies, namely obstructive airways disease 15, 16, 18 and obstructive lung disease 13 , but not for the current definition of COPD.
According to the QUADAS criteria, we found that the overall design, methodology and reporting of the six included studies was adequate. The studies were all cross-sectional and verification of the diagnosis by a reference test was achieved in all included patients. The reporting of uninterpretable or intermediate results, however, was absent in five of the six studies. Suboptimal reporting is not unusual in diagnostic research. 23 Guidelines for the conduct and reporting of diagnostic research have been proposed by the Standards for Reporting of Diagnostic Accuracy steering committee to improve the quality of diagnostic studies, but these guidelines were proposed after the conduct of the six included studies. 24 A possible weakness of this review is the fact that study populations of the six included studies differed considerably in setting and age ( Table 2 ). The difference in setting, e.g. primary, secondary and tertiary care, is usually reflected in disease severity. 25 Concerning age, in three studies, patients <40 years old were also included. 13, 16, 17 These are not all necessarily representative for the domain of this review, namely patients suspected of COPD because COPD is rare under the age of 40. Unfortunately, it was not possible to discriminate the younger patients from the others in these papers. Finally, the definitions of 'patients suspected of COPD' varied ( Table 2) . Five of the six study populations consisted of patients with and without known COPD. Preferably, one would rather have included only patients without yet known COPD. But again, it was not possible from the publications to discriminate these patients from the other patients. We did not exclude these studies because at least part of the study populations consisted of our study domain, and we did not want to miss this information. The heterogeneity across the study populations, as well as the diversity in studied items from patient history and physical examination compromise general recommendations for medical practice.
Two overviews, though not systematic reviews, on diagnostic value of history taking and physical examination for COPD have been published previously. 9, 10 Holleman et al. 9 reviewed 19 articles on the end point 'airflow obstruction' and found that no single item of history and physical examination sufficiently ruled in or ruled out airflow obstruction. Combinations of items, like smoking, reduced breath sounds and a peak expiratory flow <350 l/minute, were concluded to be more useful 9 . This is in accordance with our results that also indicate that various items are independent diagnostic determinants of COPD. McAllister et al. 10 wrote an overview about the accuracy of physical examination items for COPD but did not study history items. They showed that the accuracy of the wellknown signs for COPD, such as reduced breath sounds, wheezes or hyper resonance, varies greatly between studies and that no sign is sufficiently accurate on its own. 10 Both reviews included more studies than our review because they also included articles with another diagnostic test than spirometry as reference test, articles that formally were not a diagnostic accuracy study comparing an index tests with a reference test, articles evaluating end points other than obstructive pulmonary disease, e.g. emphysema, and text books. Furthermore, both reviews included studies on screening of COPD, meaning testing all people in a population irrespective of signs and symptoms. In regard to this screening, two original diagnostic studies have been performed by Van Schayck et al. 26 and Geijer et al. 27 , both on the detection of chronic obstructive lung disease in smokers. In these studies, cough and age were related to chronic obstructive lung disease.
Conclusions
The available evidence for the diagnostic accuracy of patient history and physical examination for COPD is very limited, let alone the independent diagnostic value of these items. Moreover, existing studies notably studied obstructive lung disease in general, rather than COPD according to current guidelines. Hence, the available evidence cannot yet determine with sufficient confidence which patient history and physical examination items can be used by physicians to select those patients, suspected of COPD, who require spirometry. However, this systematic review does show that dyspnoea, wheezing, cough, self-reported history of COPD, age, smoking, forced expiratory time, laryngeal height and prolonged expiration are the strongest diagnostic parameters from patient history and physical examination among those that have been studied. Future diagnostic studies on COPD are necessary to estimate the true diagnostic accuracy of these items in patients suspected of COPD.
